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Docket No. 325772014200 



IMAGE PROCESSING APPARATUS 

This application is based on Japanese Patent 
Application No. 11443/1999 filed on January 20, 1999, No. 
5 62584/1999 filed on March 10, the contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an image processing 
10 apparatus that is mounted in a color copying machine or 

other equipment. More specifically, the present invention 
relates to an image processing apparatus that can improve 
reproducing quality of black letters or lines in a color 
image. 

15 Description of the Prior Art 

In the conventional image processing apparatus, in 
order to improve a reproducing quality of black letters or 
lines included in a color image, a portion of the black 
letters or lines in an original image is determined by area 

20 determining process, and an image processing such as edge 
emphasis is performed in accordance with the determination 
result. The image processing will be explained below. 

First, the original image is read so as to obtain an 
input image signal, which passes a first order differential 

25 filter and a second order differential filter for extracting 
edge portions in the original image. In addition, low 
chroma areas of the input image signal are extracted. In 
accordance with the extraction result, black letters or 
lines of the original image and contours thereof are 

30 determined. It is determined whether a point is outside 
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the edge (on the background) or inside the edge (on the 
black line) in accordance with the polarity of the output of 
the second order differential filter. Hereinafter, the 
outside of the edge is referred to as an outer black edge 
5 portion, while the inside of the edge is referred to as an 
- inner black edge portion. Contours of the black letters or 

lines in the original image are recognized as inner black 
edge portions and outer black edge portions. 

Next, in order to improve the reproducing quality of 
10 the black letters or lines, the following processes are 
.-1 performed for the inner black edge portions and outer black 

"S edge portions independently. 

^3 For pixels of the inner black edge portion, edge 

n emphasizing process is performed, in which a lightness edge 

1% 15 component (VMTF) is added to image data of a black component. 

\.. For image data C (cyan), M (magenta) and Y (yellow) of 

O 

color components, the edge emphasizing process is not 

i -k 

p performed, but another process is performed in which the 

]i image data of the referred pixel is replaced with the image 

20 data of the minimum value (i. e. , the image data of the 
minimum density) in 5x5 or 3x3 pixel matrix. 

For pixels of the outer black edge portion, the edge 
emphasis is not performed for any of image data K, C, M and 
Y of black and color components, but another process is 
25 performed in which the image data of the referred pixel is 
replaced with the image data of the minimum value in 5 X 5 
or 3 x 3 pixel matrix. 

The above-mentioned process suppress the color 
components C, M and Y in the neighborhood of the edges of 
30 the black letters or lines in the original image, and 
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emphasize the inner black edge, so that the reproducing 
quality of the black letters or lines can be improved. 

However, along with a recent high definition of the 
image reader, the conventional image processing explained 
5 above is not sufficient for suppressing color drift and 

* improving the reproducing quality of the black letters or 
lines. 

In an electrophotographic printer or other equipment, a 
color drift can be generated due to a misregistration of 
10 colors C, M, Y and K when overlaying the colors for printing. 
This color drift is relieved by the above-mentioned process 
w that replaces the image data of the colors C, M and Y of 

the inner black edge with the minimum value in the matrix. 
When using a 5x5 pixel matrix for example, the densities of 
15 the colors C, M and Y are suppressed by the width of two 
« pixels. Therefore, in the case of a printer that can print 

12 by a definition of 400 dpi for example, if a color drift (a 

I* misregistration between images C, M and Y) more than 128 

Q microns that corresponds to the width of two pixels is 

20 generated, the effect of relieving the color drift by the 

above-mentioned process is reduced, and colors of C, M and Y 
can smears at the edge of the black letters or lines. 

If the size of the image processing matrix (matrix 
size) is enlarged in accordance with a high definition, the 
25 above-mentioned process can be performed by a sufficient 

* width for the color drift quantity, so that the problem of 
smearing of the colors C 7 M and Y at the edge of the black 
letters or lines can be solved. However, in this case, a 
capacity of memory necessary for storing the image data 

30 will also increase along with the increase of the matrix 
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size, and the cost will increase substantially. 

SUMMARY OF THE INVENTION 
The object of the present invention is to provide an 
image processing apparatus that can support a high 
definition with an inexpensive and simple configuration and 
can improve a reproducing quality of black letters or lines. 

According to the preferred embodiment of the present 
invention, the image processing apparatus includes an edge 
detecting portion for detecting an edge area in an input 
image and a lightness and chroma detecting portion for 
detecting a low lightness and low chroma area of the input 
image. The image processing apparatus performs an image 
processing (such as edge emphasizing) for the edge area of 
black letters or lines decided by the detection signals of 
the edge detecting portion and the chroma detecting portion. 
The image processing apparatus includes an edge enlarging 
portion for enlarging the edge area detected by the edge 
detecting portion, and means for increasing or decreasing a 
density of each color in the enlarged edge area. According 
to this process, a color drift in the edge portions becomes 
inconspicuous, so that the reproducing quality of the black 
letters or lines is improved. 

According to a more preferable embodiment, the image 
processing apparatus includes an edge enlarging portion for 
enlarging the edge area detected by the edge detecting 
portion, and means for converting image data of each color 
component so that densities of color components in the 
enlarged edge area, e. g. , a densities of color components C, 
M, Y are decreased, and a density of a black component, e. g. , 



a density of color component B is increased. 

Other objects and features of the present invention 
will be understood more clearly by referring the following 
description and drawings. 

BRIEF DESCRIPTION O F THE DRAWINGS 

Fig. 1 is a block diagram showing a circuit of an image 
processing apparatus according to a first embodiment of the 
present invention. 

Fig. 2 is a schematic diagram showing an example of the 
edge enlarging portion of the image processing apparatus 
shown in Fig. 1. 

Fig. 3 is a diagram showing an example of 9x9 matrix 
circuit of the edge enlarging portion shown in Fig. 2. 

Fig. 4 shows a diagram showing waveforms of an input 
signal, internal signals and an output signal of an edge 
detecting portion of the image processing apparatus shown 
in Fig. 1. 

Fig. 5 shows a diagram showing waveforms of an input 
signal, internal signals and an output signal of an edge 
canceling portion of the image processing apparatus shown 
in Fig. 1. 

Fig. 6 is a graph showing a conversion characteristic 
of a black emphasizing circuit of the image processing 
apparatus shown in Fig. 1. 

Fig. 7 is a graph showing a conversion characteristic 
of a color weakening circuit of the image processing 
apparatus shown in Fig. 1, 

Fig. 8 is a block diagram showing a circuit of an image 
processing apparatus according to a second embodiment of 
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the present invention. 

Fig. 9 is a block diagram showing a circuit of an image 
processing apparatus according to a third embodiment of the 
present invention. 

Fig. 10 is a diagram showing a division of an original 
image in an area color detecting portion. 

Fig. 11 is a diagram for explaining a relationship 
between a monochromatic/color ratio of a block area and an 
edge increasing quantity. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



-1 [First embodiment] 

s as 

; r Q An image processing apparatus Ml shown in Fig. 1 is 

In mounted in a digital color copying machine for example. 

I™ 15 The color copying machine is equipped with an image reading 

device that includes a CCD image sensor and its drive system 
(not shown). In the image reading device, three primary 
colors of input image signals (color picture signals) R, G 
and B are obtained by scanning an original image as shown 
20 in Fig. 8. The input image signals E, G and B are given to 
a minimum value circuit 1 and a maximum value circuit 2 of 
the image processing apparatus Ml. 

In Fig. 1, the minimum value circuit 1 outputs the 
minimum value Min(R, G and B) of the input image signals R, 
25 G and B as a pseudo lightness V. The maximum value circuit 
2 outputs the maximum value Max(R, G and B) of the input 
image signals R, G and B. A chroma signal generating 
circuit 3 outputs a difference [Max (R, G and B) - Min (R, 
G and B)] between the maximum Max (R, G and B) and the 
30 minimum Min (R, G and B) that is a pseudo lightness V, as a 
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chroma signal W. 

The pseudo lightness V is imparted to an edge detecting 
portion 4 and a lightness and chroma detecting portion 5. 
The edge detecting portion 4 includes a first order 
5 differential filter and a second order differential filter 
5 in the main scanning direction and the sub scanning 

direction made of 5X5 matrix. If the differential result 
is larger than a predetermined threshold level, the edge 
determination signal that is an output signal (hereinafter, 
10 simply referred to as "edge signal") EDG1 is set to the 
„ n low level. The low level is the active level. If the edge 

2 signal EDG1 is the low level, it is considered to be an 

:f] edge portion of the input image. 

in The edge detecting portion 4 also output an absolute 

^ 15 value signal LAP that is an output of the second order 

^ differential filter. Waveforms of the first order 

differential signal, the second order differential signal, 
the absolute value signal LAP and the edge signal EDG1 of 

jf the input image signal at a portion of a letter or a line 

£ 3 

20 are shown in Fig. 4. 

The lightness and chroma detection portion 5 outputs a 
low lightness signal VL indicating that the lightness is low 
(blackish) when the above-mentioned pseudo lightness signal 
V is lower than a predetermined threshold value (Thl, e, g. , 

25 15-20 for 256 gradation steps). If the pseudo chroma 
signal W is lower than a predetermined threshold value 
(Th2), a monochromatic signal BK indicating to be a black 
and white picture. 

The edge signal EDG1 is given to an edge enlarging 

30 portion 6. The edge enlarging portion 6 includes line 
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memories 101-108, a 9x9 matrix circuit 109, negative logic 
OR circuits 110-113 and an enlarging level selecting 
circuit 114 as shown in Fig. 2. The line memories 101-108 
are circuits for delaying the edge signal EDG1 by lines. 

5 This configuration can perform 9x9 matrix operation, so 
that the edge signal EDG1 can be enlarged by a width of 
four pixels at most in the main scanning direction and the 
sub scanning direction. 

The 9x9 matrix circuit 109 is constituted using a 

10 shift register group as shown in Fig. 3. From the input Dl 
that is a direct input of the edge signal EDG1, outputs Dll- 
D19 that are delayed one by one pixel are obtained. From 
the input D2 that is a one line delayed input, outputs D21- 
D29 that are delayed one by one pixel are obtained. In the 

15 same way, from each of the nine inputs D3-D9 that are a 2-8 
lines delayed input, outputs D31-D39, D91-D99 that are 
delayed one by one pixel are obtained. Thus, by operating a 
logical OR of the obtained 9x9 output pixel data by the 
negative logic OR circuit 110, an enlarged edge signal 

20 EDG99 is obtained that is a result of enlarging the edge 
signal EDG1 in the main scanning direction and the sub 
scanning direction by the width of four pixels. 

In the configuration of the edge enlarging portion 6 
shown in Fig. 2, the above-mentioned enlarged edge signal 

25 EDG99 is given to the enlarging level selecting circuit 114, 
whose selected signal is output as the enlarged edge signal 
EDG2 shown in Fig. 1 from the edge enlarging portion 6. 
Other enlarged edge signals EDG77, EDG55 and EDG33 of the 
other edge enlarging level are also given to the enlarging 

30 level selecting circuit 114. Two-bit enlarging level 
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control signal Con (SO, SI) selects one of these four 
enlarged edge signals EDG99, EDG77, EDG55 and EDG33, which 
is output as an enlarged edge signal EDG2. 

The enlarged edge signal EDG77, EDG55 and EDG33 are 

5 signals obtained by enlarging the edge signal EDG1 in the 
main scanning direction and the sub scanning direction by 
the width of 3 pixels, 2 pixels and 1 pixel using a 7X7, 5 
x5 and 3X3 matrix operation, respectively. 

In Fig. 2, the negative logic OR circuits 111, 112 and 

10 113 output operate logical OR' s of 7X7, 5x5 and 3x3 

pixel data, and output enlarged edge signals EDG77, EDG55 
and EDG33. Though being not shown in Fig. 2 for avoiding 
complexity, 49 inputs of negative logic OR circuits 111 are 
connected to the 7x7 outputs D11-D17, D71-D77 of the 9x9 

15 matrix circuit 109. In the same way, 25 inputs of negative 
logic OR circuit 112 are connected to the 5x5 outputs Dll- 
D15, D51-D55 of the 9x9 matrix circuit 109, and the 9 
inputs of the negative logic OR circuit 113 are connected to 
the 3x3 outputs D11-D13, D31-D33. 

20 As mentioned above, the enlarging level control signal 

Con for selecting one of four enlarged edge signals EDG99, 
EDG77, EDG55 and EDG33 is given to the edge enlarging 
portion 6 by an edge enlarging control portion 7 shown in 
Fig. 1. The edge enlarging control portion 7 output four 

25 kinds of enlarging level control signals Con in accordance 
with an original mode signal supplied by a control portion. 

For example, if an original of letters is read, a color 
drift (or a color smear) due to a misregistration of black 
letters becomes conspicuous. Therefore, an output of a 

30 large enlarging matrix size, e.g., the enlarged edge signal 
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EDG99 is selected. On the contrary, if an original having 
little black letters or lines such as an original of a 
picture is read, a small enlarging output, e. g. , the 
enlarged edge signal EDG33 is selected. The description of 

"black letters or lines" means "black letters or black 
lines. " 

The enlarged edge signal EDG2 output from the edge 
enlarging portion 6 is given to an edge cancel portion 8 
shown in Fig. 1. The edge cancel portion 8 performs a 
process in which the inner enlarged portion of the enlarged 
edge signal EDG2, i. e. , the portion on the black line is 
remained (keeping the low level), the outer enlarged 
portion, that is a background portion is canceled to be the 
high level. By this process, the corrected enlarged edge 
signal EDG3 is generated and is output. The enlarged edge 
signal EDG2 that is output by the edge enlarging portion 6 
includes a background portion of the black letters or the 
lines, and it is not preferable to perform the below- 
mentioned image processing to this portion. 

The above-mentioned low lightness signal VL is used for 
the edge canceling process. As shown in Fig. 5, the low 
level of the enlarged edge signal EDG2 is canceled for the 
pixel whose low lightness signal VL is not the low level, i. 
e. , the pixel of the high level (not active) and the 
lightness is high (not blackish). In other words, a 
corrected enlarged edge signal EDG3 is generated by 
negative logic AND operation of the enlarged edge signal 
EDG2 and the low lightness signal VL. In this way, the 
corrected enlarged edge signal EDG3 Is obtained that is 
reset to the high level (not active) for the background (not 
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blackish) pixels of the black letters or lines. 

In Fig. 1, the corrected enlarged edge signal EDG3 is 
given to the negative logic AND gate 9, which outputs a 
black edge signal BKEDG3 that is an AND signal of the 

5 corrected enlarged edge signal EDG3 and the above-mentioned 
monochromatic signal BK. This black edge signal BKEDG3 
indicates the enlarged edge area by the low level that has 
low lightness (blackish) and low chroma (black and white). 

In addition, the edge signal EDG1 before being enlarged 

1° is also processed by logical AND with the monochromatic 

signal BK in the negative logic AND gate 10, and the second 
black edge signal BKEDG1 is output. This black edge signal 
BKEDG1 indicates a black edge area of low chroma (black and 
white) before enlarged by the low level. The black edge 

15 signals BKEDG3 and BKEDG1 are processed logical OR by the 
negative logic OR gate 11, which outputs an edge selection 
signal EDGSEL. 

In Fig. 1, the absolute value signal LAP that is the 
output of the above-mentioned second order differential 

20 filter is given to a look-up table (LUT) 12 for VMTF 
conversion, and is converted into a lightness edge 
component signal VMTF there. 

In a color copying machine, a RGB additive color image 
data obtained by scanning an original is converted to a CMY 

25 subtractive color image data. In this process or after the 
process, image data of four colors is generated that include 
the C, M and Y color components and K black component. A 
necessary image processing is performed on each of the 
generated image data C, M, Y and K, so as to become color 

30 image data CI, Ml and Yl, and black image data Kl. 
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The black image data Kl obtained by the above-mentioned 
process is given to the black emphasizing circuit 13, which 
outputs black increasing image data f (Kl) . The black 
emphasizing circuit 13 has a conversion characteristic such 

5 as a characteristic curve CV1 shown in Fig. 6. Namely, as 
explained below, a decreased densities of the color image 
data CI, Ml and Yl in the enlarged black edge area is 
compensated and the density of the black image data Kl is 
increased so as to keep the reproduced density of the 

10 printed black by performing a conversion of Kl < f(Kl). 

This characteristic curve CV1 is constituted by the look-up 
table for conversion for example, and a specific increasing 
characteristic is set in accordance with characteristics of 
ink or toner. The axis of ordinate in Fig. 6 indicates 

15 that larger value is high density. 

The above-mentioned lightness edge component signal 
VMTF and the black increasing image data f (Kl) is given to 
an adder circuit 16. The adder circuit 16 adds these input 
signals and outputs a black increased image data [f (Kl) 

20 +VMTF] in which the edge of the black letters or lines is 
emphasized. Black increased image data [f(Kl)+VMTF] is 
given to one input A of a selector 18. The other input of 
the selector 18 is supplied with a black image data Kl 
before increasing black density. In addition, a selection 

25 control input of the selector 18 is supplied with a 
selection signal EDGSEL mentioned above. 

If the edge selection signal EDGSEL is the low level 
meaning an enlarged edge area, the selector 18 selects the 
edge enlarged black increased image data [f(Kl)+VMTF] and 

30 outputs it as a final black image data K2. If the edge 
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selection signal EDGSEL is the high level indicating an 
area that is not the enlarged edge area, an original black 
image data Kl is selected that is not processed by the black 
density increasing process and the edge emphasizing process, 

5 and the selected black image data Kl is output as a final 
black image data K2. 

The color image data CI, Ml and Yl are imparted to a 
minimum value circuit 14 and a color decreasing circuit 15. 
The minimum value circuit 14 obtains the smallest value of 

10 data in the 5x5 or 3x3 pixel matrix, and outputs the 
minimum values minCl, minMl and minYl of the color image 
data CI, Ml and Yl, respectively. Though the minimum value 
circuits 14 are drawn as a unit in Fig. 1 to avoid the 
complexity, three minimum value circuits are provided for 

15 the color image data CI, Ml and Yl. The circuits 15, 17 and 
19 explained blow have similar configurations. 

The color decreasing circuit 15 decreases the density 
of the color image data CI, Ml and Yl in accordance with a 
conversion characteristic shown by the characteristic curve 

20 CV2 in Fig. 7, and outputs color decreasing image data f(Cl), 
f(Ml) and f (Yl). Fig. 7 is an example of a cyan image data 
CI. In the same way as in Fig. 6, the axis of ordinate in 
Fig. 7 shows that the larger value indicates higher density, 
and a characteristic curve CV2 is constituted by a look-up 

25 table for conversion, for example. The decrease of the 

density of the color image data CI, Ml and Yl is performed 
in the enlarged black edge area as mentioned below, so that 
a color smear due to a misregistration between color images 
can be not conspicuous. 

30 Namely, since the density of the color image data CI, 

1 3 



Ml and Yl is decreased in the enlarged black edge area 
whose edge portion is enlarged, a larger misregistration in 
printing can be improved, so that the color drift due to the 
larger misregistration can be relieved. Thus, a color 
5 smear can be reduced in the edge of the black letters or 
lines. In addition, since the black image data Kl is 
increased along with the decrease of the densities of the 
color image data CI, Ml and Yl, steps of density cannot be 
generated. 

10 The specific decreasing characteristic is preferably 

obtained by an experiment in accordance with a printing 
characteristic of the print reproducing characteristic of 
each color. 

The minimum value minCl, minMl and minYl and color 

15 decreasing image data f (CI) , f(Ml) and f (Yl) of the above- 
mentioned color image data are given to a minimum value 
selecting circuit 17, so that minCl and f(Cl), minMl and 
f (Ml) , or minYl and f(Yl) are compared with each other for 
each color. The smaller value is selected to be output as 

20 the minimum value color image data minC2, minM2 and minY2 
and given to one input A of the selector 19. The other 
input of the selector 19 is supplied with color image data 
CI, Ml and Yl before being processed by such as color 
density decreasing. In addition, the selection control 

25 input of the selector 19 is supplied with the above- 
mentioned edge selection signal EDGSEL. 

If the edge selection signal EDGSEL is the low level 
indicating an enlarged edge area, the selector 19 selects 
the minimum value color image data minC2, minM2 and minY2 

30 that are values of decreased color density and the smaller 
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value of the minimum values in the matrix, so as to output 
them as the final color image data C2, M2 and Y2. If the 
edge selection signal EDGSEL is the high level that 
indicates an area that is not enlarged edge area, the color 

5 image data CI, Ml and Yl are selected before being processed 
by such as the color density decreasing and these data is 
output as the final color image data C2, M2 and Y2. 

Using the black image data K2 and the color image data 
C2, M2 and Y2 that are obtained by the above-mentioned 

10 process, color printing is performed by a well-known 
printing engine. 

According to the above-mentioned first embodiment, the 
image processing apparatus can support a high definition 
with a simple and inexpensive configuration, and can also 

15 increase a reproducing quality of the black letters or 
lines. 

In addition, an edge portion of black letters or lines 
in the input image signal is detected so that the edge area 
can be enlarged, and the densities of the color components 

20 are decreased while the density of the black component is 
increased for the enlarged edge area. Therefore, the color 
smear due to a misregistration of the image of each color 
component in an edge portion can be suppressed. 

Furthermore, the enlarging quantity of the edge area 

25 can be adjusted easily in accordance with a misregistration 
characteristic of the printer portion. In addition, the 
process of enlarging the edge area is performed using a 
single bit edge signal EDG1. The line memory for only one 
bit is necessary, having an advantage in cost. 

30 [Second Embodiment) 
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Fig. 8 is a block diagram of image processing apparatus 
M2 according to the second embodiment of the present 
invention. In this embodiment, an area density detection 
portion 20 is added to the image processing apparatus Ml of 

5 the first embodiment shown in Fig. 1. 

The area density detection portion 20 is supplied with 
black image data Kl and color image data CI, Ml and Yl. The 
area density detection portion 20 calculates an average 
density of a predetermined area (e.g., 3x3 matrix area) 

10 including a pixel to be corrected in accordance with each 
density of pixels in the area. Instead of the average 
density, a median of densities may be calculated. 

In addition, each of the black emphasizing circuit 13 
and the color decreasing circuit 15 includes plural 

15 conversion characteristics (e. g. , conversion tables). 

Namely, for each of the conversion characteristics f(Kl), 
f(Cl), f(Ml) and f(Yl) shown in Figs. 6 and 7, plural 
conversion tables having different gradients of input image 
data vs. output image data are provided. The most 

20 appropriate conversion table is selected out of the plural 

conversion tables by a selection signal f conl or f con2. 

The selection signals f conl and f con2 are output by the 

above-mentioned area density detection portion 20 in 
accordance with the obtained average density (or the median 

25 density). 

Thus, the quantity of increasing the black (K) density 
at a black edge portion and decreasing the color (C, M and 

Y) densities for various originals can be automatically 
corrected. For example, if the average density of the 
30 color (C, M and Y) image data is high, the gradation of 
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characteristic curve CV2 shown in Fig. 7 is decreased. 
Namely, the decreasing extent of the color density is 
enlarged. Along with this process, the gradation of the 
characteristic curve CV1 shown in Fig. 6 is enlarged so as 
5 to enlarge the density increasing extent of the black (K) 
image data. 

According to the second embodiment, the reproducing 
quality of the black letters and lines can be improved for 
various originals by automatically adjusting the 
10 characteristics (extent) of decreasing the color components 
and increasing the black component in accordance with the 
detected information of the area density detection portion 
20. 

[Third Embodiment) 

15 Fig. 9 is a block diagram of the image processing 

apparatus M3 according to the third embodiment of the 
present invention. In this embodiment, an area color 
detection portion 21 and a CPU 7 are used instead of the 
edge enlarging control portion 7 of the image processing 

20 apparatus Ml of the first embodiment shown in Fig. 1. 
Other configuration is the same. 

In Fig. 9, the area color detection portion 21 detects 
a ratio of monochrome and color for each block area of the 
input image. The CPU 7 controls the enlarging quantity of 

25 the edge area by the edge enlarging portion 6 in accordance 
with the ratio of monochrome and color. In order to control 
the edge increasing quantity, an appropriate edge 
increasing quantity is set out of plural edge area 
increases such as a four pixel edge area increase by 9x9 

30 matrix, a three pixel edge area increase by 7 x 7 matrix, a 
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two pixel edge area increase by 5x5 matrix and a one pixel 
edge area increase by 3x3 matrix. 

For example, in a block area in which the monochrome 
has a large proportion, the edge increasing quantity is set 

5 to large like the four pixel area increase or the three 

pixel area increase. Thus, the color drift relieving effect 
in the edge portion becomes larger for the area of the 
black letters or lines. In the block area in which the 
monochrome has a small proportion, the edge increasing 

10 quantity is set to small like the one pixel area increase 
or the zero pixel area increase. Thus, for a color picture 
area for example, a natural picture image is obtained 
without unnecessary color drift prevention process. 

According to the process explained above, a color drift 

15 in an edge portion becomes inconspicuous do that the 
reproducing quality of the black letters or lines is 
increased. As a block area, various sizes of areas can be 
used For example, the original can be divided into plural 
block areas. In addition, the entire original can be one 

20 block area. 

Thus, the inner black edge area can be enlarged in the 
inward direction of the black letters or lines, and the 
image densities of the C, M and Y color components in the 
enlarged inner black edge area are decreased and the image 

25 density of the K black component is increased to as to 
compensate the decrease. 

In Fig. 10, the original SC is divided into plural 
block area BE by the area color detection portion 21 after 
the image thereof is read by the image reader. Therefore, 

30 in this case, the number of the block area BE is decided in 
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accordance with the size of the original SC. A memory area 
(not shown) for deciding a ratio of monochrome and color is 
secured in accordance with the number of the block area BE. 

The size of one block area BE is 512x512 pixels, for 
example. In this case, if the definition is 400 dpi, the 
size is approximately 3x3 cm. If the block area BE is 
1024 X 1024 pixels and the definition is 400 dpi, the size 
is approximately 6x6 cm. 

The area color detection portion 21 calculates chroma 
data for each pixel in each block area BE. If the chroma 
data of a pixel is larger than a predetermined threshold 
value (Th3), the pixel is determined to be a color pixel. 
Pixels except the color pixel are monochromatic pixels. In 
each block area BE, the number of color pixels or 
monochromatic pixels is counted. The number of color 
pixels or monochromatic pixels, a proportion of the number 
of color pixels or monochromatic pixels in the entire number 
of pixels, or the ratio of the color pixels and 
monochromatic pixels is determined as a monochrome and 
color ratio RMC. The determined monochrome and color ratio 
RMC is output to the CPU 7. 

The CPU7 generates the enlarging level control signal 
Con (SO, SI) in accordance with the monochrome and color 
ratio RMC, and output the signal to the edge enlarging 
portion 6. For example as shown in Fig. 11, if there are 
only color pixels, the enlarging level control signal Con 
is set to (0,0). If there are only monochromatic pixels, 
the enlarging level control signal Con is set to (1, 1). If 
there are color pixels and monochromatic pixels, the 
enlarging level control signal Con is set to (0, 1) or (1, 0), 
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The edge increasing quantity is controlled by the edge 
enlarging portion 6 in accordance with the enlarging level 
control signal Con. 

If the edge enlarging portion 6 determines an original 
of letters according to the enlarging level control signal 
Con, the output of a large enlarging matrix size, e. g. , the 
enlarged edge signal EDG99 is selected since a color drift 
(or a color smear) due to a misregistration of the black 
letters becomes conspicuous. On the contrary, if the 
original has little black letters or lines such as an 
original of a picture, the output of a small enlarging 
matrix size, e. g. , the enlarged edge signal EDG33 is 
selected. 

Though the enlarging level control signal Con is set 
for each divided block area BE in the embodiment explained 
above, the original SC can be regarded as one block area 
and one enlarging level control signal Con can be set for 
the entire original. In this case, it is decided whether 
the block area BE is a color block area or not in each block 
area BE. 

Namely, in each block area BE, if the number of the 
color pixels is larger than a predetermined threshold level 
(Th4)> the block area BE is decided to be a color block 
area. A block area BE except the color block area is a 
monochromatic block area. The number of the color block 
area or the monochromatic block area is counted. The ratio 
is determined as a monochrome and color ratio RMC. 
According to the monochrome and color ratio EMC, the edge 
increasing quantity is controlled for the entire original SC 
by the edge enlarging portion 6. 
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The size of the block area BE can be changed variously. 
If the size of the block area BE is reduced, the image 
quality is improved, but more process time is required. In 
addition, various methods can be adopted for determining a 
color area or a monochromatic area, and for determining 
monochrome and color ratio RMC. 

The relationship between monochrome and color ratio EMC 
and the enlarging level control signal Con is not always 
proportional. This relationship can be varied in accordance 
with a copy mode set in the color copying machine. For 
example, if the copy mode is set to the picture mode, the 
major portion or the principal portion of the original SC 
is probably a picture, the edge increasing quantity is 
controlled to zero. 

Concerning the portion for detecting the monochrome and 
color ratio RMC, a part of the function is conventionally 
known as an automatic color detection system (ACS ). 

According to the third embodiment explained above, the 
simple configuration with low cost can support a high 
definition and the reproducing quality of black letters or 
lines can be increased. In addition, the enlarging 
quantity of the edge area is controlled in accordance with 
the monochrome and color ratio, so that an appropriate 
enlarging quantity can be set in accordance with the state 
of image. Furthermore, it can be adjusted easily in 
accordance with the characteristics of misregistration of 
the printer portion. 

Furthermore, the edge portion of the black letters or 
lines in the input image signal is detected, the edge area 
is enlarged, and the density of color component is decreased 
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while the density of the black component is increased for 
the enlarged edge area, so that a color smear due to the 
misregistration of images of the color components is 
suppressed. 

In the image processing apparatus M2 of the above- 
mentioned second embodiment, the edge enlarging control 
portion 7 can be replaced with the area color detection 
portion 21 and the CPUT of the third embodiment, so as to 
make the configuration having the feature of the third 
embodiment. 

Though the edge increasing quantity has four levels in 
the embodiment explained above, it can have less than or 
more than four levels. The enlarging level control signal 
Con can be various forms. In addition, the configuration, 
the circuit, the contents or the sequence of the process, 
and the process timing of the whole or each portion of the 
image processing apparatus M1-M3 can be appropriately 
changed or modified within the scope of the present 
invention. 
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What is claimed is: 

1. An image processing apparatus for processing image 
data indicating a density of each pixel of an image, the 

5 apparatus comprising: 

an edge detecting portion for detecting an edge area in 
the image in accordance with the image data; 

an edge enlarging portion for enlarging the edge area 
detected by the edge detecting portion; and 
10 a density correcting portion for increasing or 

decreasing the density of the image data of the edge area 
enlarged by the edge enlarging portion. 

2. The image processing apparatus according to claim 
1, wherein the edge detecting portion includes a first order 

15 differential filter for operating the first order 

differential of the image data so as to determine the edge 
area whose first order differential is larger than a 
predetermined value. 

3. The image processing apparatus according to claim 
20 1, wherein the image data includes a black component and 

color components, and the density correcting portion 
increases a density of the black component and decreases the 
densities of the color components. 

4. The image processing apparatus according to claim 
25 1, further comprising a controller for controlling the 

enlarging degree in the edge enlarging portion. 

5. The image processing apparatus according to claim 
4, wherein the controller indicates the enlarging degree in 
accordance with a kind of the image, and the edge enlarging 

30 portion changes the enlarging degree in accordance with the 
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indication of the controller. 

6. The image processing apparatus according to claim 
5, wherein one kind of the image is a monochromatic image 
and the other kind is a color image. 

7. The image processing apparatus according to claim 
1, wherein the edge enlarging portion enlarges the edge area 
inside the image but does not enlarge outside the image. 

8. The image processing apparatus according to claim 
7, wherein the edge enlarging portion decides the inside and 
the outside of the image in accordance with the lightness 
component of the image data. 

9. The image processing apparatus according to claim 
1, wherein the density correcting portion includes a density 
detecting portion for calculating an average density of the 
image data of the plural pixels included in a predetermined 
area, and a correcting portion for correcting the degree of 
increasing or decreasing each color component in accordance 
with the average density calculated by the density 
detecting portion. 

10. The image processing apparatus according to claim 
1, wherein the density correcting portion includes a 
density detecting portion for calculating a median density 
of the image data of the plural pixels included in a 
predetermined area, and a correcting portion for correcting 
the degree of increasing or decreasing each color component 
in accordance with the median density calculated by the 
density detecting portion. 

11. An image processing apparatus for processing 
image data indicating a density of each pixel of an image, 
the apparatus comprising: 



an edge detecting portion for detecting an edge area in 
the image in accordance with the image data; 

an edge enlarging portion for enlarging the edge area 
detected by the edge detecting portion; 

a modifying portion for modifying the edge area 
enlarged by the edge enlarging portion in accordance with 
the lightness information thereof; and 

a density correcting portion for increasing or 
decreasing the density of the image data of the edge area 
modified by the modifying portion. 

12. The image processing apparatus according to claim 
11, wherein the edge detecting portion includes a first 
order differential filter for operating the first order 
differential of the image data so as to determine the edge 
area whose first order differential is larger than a 
predetermined value. 

13. The image processing apparatus according to claim 
11, wherein the image data includes a black component and 
color components, and the density correcting portion 
increases a density of the black component and decreases the 
densities of the color components. 

14. The image processing apparatus according to claim 
11, further comprising a controller for controlling the 
enlarging degree in the edge enlarging portion. 

15. The image processing apparatus according to claim 
14, wherein the controller indicates the enlarging degree 

in accordance with a kind of the image, and the edge 
enlarging portion changes the enlarging degree in accordance 
with the indication of the controller. 

16. The image processing apparatus according to claim 
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15, wherein one kind of the image is a monochromatic image 
and the other kind is a color image. 

17. The image processing apparatus according to claim 
11, wherein the modifying portion cancel the enlarged edge 
area enlarged in the outside of the image by the edge 
enlarging portion. 

18. The image processing apparatus according to claim 
17, wherein the modifying portion decides the inside and 
the outside of the image in accordance with the lightness 
component of the image data. 

19. The image processing apparatus according to claim 
11, wherein the density correcting portion includes a 
density detecting portion for calculating an average 
density of the image data of the plural pixels included in a 
predetermined area, and a correcting portion for correcting 
the degree of increasing or decreasing each color component 
in accordance with the average density calculated by the 
density detecting portion. 

20. The image processing apparatus according to claim 
11, wherein the density correcting portion includes a 
density detecting portion for calculating a median density 
of the image data of the plural pixels included in a 
predetermined area, and a correcting portion for correcting 
the degree of increasing or decreasing each color component 
in accordance with the median density calculated by the 
density detecting portion. 

21. An image processing apparatus for processing 
image data indicating a density of each pixel of an image, 
the apparatus comprising: 

an edge detecting portion for detecting an edge area in 



the image in accordance with the image data; 

an edge enlarging portion for enlarging the edge area 
detected by the edge detecting portion; 

a density correcting portion for increasing or 
decreasing the density of the image data of the edge area 
enlarged by the edge enlarging portion; and 

a detecting portion for detecting a monochrome and 
color ratio of the image data, wherein the edge enlarging 
portion changes the enlarging degree in accordance with the 
detected result of the detecting portion. 

22. The image processing apparatus according to claim 
21, wherein the edge detecting portion includes a first 
order differential filter for operating the first order 
differential of the image data so as to determine the edge 
area whose first order differential is larger than a 
predetermined value. 

23. The image processing apparatus according to claim 
21, wherein the image data includes a black component and 
color components, and the density correcting portion 
increases a density of the black component and decreases the 
densities of the color components. 

24. The image processing apparatus according to claim 
21, wherein the edge enlarging portion enlarges the edge 
area inside the image but does not enlarge outside the image. 

25. The image processing apparatus according to claim 
24, wherein the edge enlarging portion decides the inside 
and the outside of the image in accordance with the 
lightness component of the image data. 

26. An image processing method for processing image 
data indicating a density of each pixel of an image, the 



method comprising the steps of: 

detecting an edge area in the image in accordance with 
the image data; 

enlarging the edge area detected by the edge detecting 
portion ; and 

correcting the density by increasing or decreasing the 
density of the image data of the edge area enlarged by the 
edge enlarging portion. 

27. The image processing method according to claim 26, 
wherein the image data including a black component and color 
components, and the density correcting step includes 
increasing a density of the black component and decreasing 
the densities of the color components. 

28. The image processing method according to claim 26, 
further includes the step of controlling the enlarging 
degree in the edge enlarging step. 

29. The image processing method according to claim 28, 
wherein the controlling step includes the step of indicating 
the enlarging degree in accordance with a kind of the image, 
and the edge enlarging step includes changing the enlarging 
degree in accordance with the indication of the controlling 
step. 

30. The image processing method according to claim 29, 
wherein one kind of the image is a monochromatic image and 
the other kind is a color image. 

31. The image processing method according to claim 26, 
wherein the edge enlarging step includes the step of 
enlarging the edge area not outside the image but inside 

the image. 

32. The image processing method according to claim 31, 
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wherein the edge enlarging step includes the step of 
deciding the inside and the outside of the image in 
accordance with the lightness component of the image data. 

33. The image processing method according to claim 26, 
wherein density correcting step includes the steps of 
detecting density by calculating an average density of the 
image data of the plural pixels included in a predetermined 
area, and changing the degree of increasing or decreasing 
each color component in accordance with the average density 
calculated by the density detecting step. 

34. The image processing method according to claim 26, 
wherein density correcting step includes the steps of 
detecting density by calculating a median density of the 
image data of the plural pixels included in a predetermined 
area, and changing the degree of increasing or decreasing 
each color component in accordance with the median density 
calculated by the density detecting step. 



ABSTRACT 



An image processing apparatus includes an edge 
detecting portion for detecting an edge area of an input 
image signal and a lightness and chroma detecting portion 
for detecting a low lightness and low chroma area of the 
input image signal. An image processing such as edge 
emphasizing is performed for the edge area of black letters 
or lines decided by the detection signals of the edge 
detecting portion and the chroma detecting portion. The 
image processing apparatus further includes an edge 
enlarging portion 6 for enlarging the edge area detected by 
the edge detecting portion 4 and circuits 12 and 19 for 
converting color image data C, M and Y and black image data 
K so that C, M and Y color densities in the enlarged edge 
area is decreased and a black densities is increased. Thus, 
supporting a high definition, color drift in the edge 
portions of the black letters or lines of the color image 
becomes inconspicuous, so that the reproducing quality is 
improved. 



3 o 





EDG 2 




















> 






< 


CO 


o 


C3 


— o 
o 



OS 
CD 
O 

LU 



CSJ 



r— 
O 
Q 
LU 



O 

Q 
LU 



CO 
CO 

O 
O 
LU 



CO 

X 

CO 



X 

LO 



X 



CO 



CM 



CO 

Q 



LO 

Q 



CO 

Q 



oo 



CD 

Q 





CO 


>< 


CD 


5 




cn 




X 










¥=■ i s - 



3 



1 0 9 9 X 9 MATRIX 



DH 



D2 -a-rQ-rHIl-T-flH-CH^ D29 



t>3 HZH-Q-r-Q-r-Q 




m — o-hh — a-r-o-r-a-T-a 



D21 
D39 



D31 
049 



D41 
D59 



D6-C3-rQ 



■a- 



■a- 



■a- 



a-j-D-T-a- T-Q- 



D7 



D51 
069 



D6T 
079 



08 



D7T 
089 



D9-Q- 



~ m — ? — n pQ~ 



-a- 



D81 



-Q- 099 



091 



F* i 



INPUT SIGNAL 
R(G.B) 



FIRST ORDER DIFFERENTIAL 



SECOND ORDER DIFFERENTIAL 



ABSOLUTE VALUE SIGNAL 
LAP 




EDGE SIGNAL 
EDG1 



p 

m 
S 
2 

Q 
!<* 
!■* 

m 
a 
a 



EDGE SIGNAL 
E DG 1 



ENLARGED EDGE SIGNAL 
E DG 2 



LOW LIGHTNESS SIGNAL 
V L 



MODIFIED ENLARGED EDGE 
SIGNAL EDG3 




C£ O CD 



B E 



1 O 

/SC 



a 
q 

m 

m 

i 
13 
i- 

CO 

a 
u 



COLOR MONOCHROME 



MINIMUM ENLARGING MAXIMUM ENLARGING 

QUANTITY QUANTITY 

(0, 0) (0,1) (1, 0) (1, 1) 



PATENT 
Docket No. 



Client Ref. 



COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY/DESIGN PATENT APPLICATION 



AS A BELOW-NAMED INVENTOR, I HEREBY DECLARE THAT: 

My residence, citizenship, and post office address are as stated below next to my name. 

I believe I am the original, first and sole (or joint, if more than one name appears below) 
inventor of the subject matter which is claimed and for which a patent is sought on the invention 
entitled: 

IMAGE PROCESSING APPARATUS 
the specification of which: 

0 is attached hereto. 

□ was filed on as application serial No. and was amended 

on (if applicable). 

1 HAVE REVIEWED AND UNDERSTAND THE CONTENTS OF THE ABOVE- 
IDENTIFIED SPECIFICATION, INCLUDING THE CLAIMS, AS AMENDED BY ANY 
AMENDMENT REFERRED TO ABOVE. 



I acknowledge and understand that I have a duty to disclose information which is material 
to the patentability of the claims of this application in accordance with Title 37, Code of Federal 
Regulations, §§ 1.56(a) and (b). 

I hereby claim foreign priority benefits under Title 35, United States Code § 1 19(a)-(d) of 
the foreign application(s) for patent indicated below and have also identified below the foreign 
applications for patent or inventor's certificate on this invention having a filing date before that of 
the application for patent or inventor's certificate on this invention having a filing date before that 
of the application on which priority is claimed: 



; Country/IateiniatiGBal 


Application No. 


Date of Filing 
: (day/month/year) ■ 


Priority Claimed? 


Japan 


11-11443 


20/01/99 


SYes DNo. 


Japan 


1 1-62584 


10/03/99 


El Yes DNo. 








□Yes DNo. 








□Yes DNo. 








□Yes DNo. 



I hereby claim benefit under Title 35, United States Code, § 1 19(e) of any United States 
provisional application(s) listed below: 





Filing Date ^ 











I hereby claim benefit under Title 35, United States Code, § 120 of any United States 
application(s) listed below, and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code § 1 12, 1 acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal Regulations, §§ 1.56(a) and (b) set forth 
above which occurred between the filing date of the prior application and the national or PCT 
international filing date of this application: 



, ApplicationiSeriallMjo. /, 


Filing Date 


Status o - 1 , . "'-:',„ , ( 






□Patented DPending ^Abandoned 






□Patented □Pending ^Abandoned 






□Patented DPending ^Abandoned 



I hereby appoint the following attorneys and agents to prosecute that application and to 
transact all business in the Patent and Trademark Office connected therewith and to file, to 
prosecute and to transact all business in connection with all patent applications directed to the 
invention: 



Thomas E. Ciotti (Reg. No. 21,013) 
Gladys H. Monroy (Reg. No. 32,430) 
Barry E. Bretschneider (Reg. No.. 28,055) 
Freddie K. Park (Reg. No. 35,636) 
Paul C. Kimball (Reg. No. 34,641) 
Shmuel Livnat (Reg. No. 33,949) 
Tyler Dylan (Reg. No. 37,612) 
Thomas G. Wiseman (Reg. No. 35,046) 
Antoinette F. Konski (Reg. No. 34,202) 
E. Victor Donahue (Reg. No. 35,492) 
Laurie Axford (Reg. No. 35,053) 
Catherine M. Polizzi (Reg. No. 40,130) 
Thomas D. Mays (Reg. No. 34,524) 
Richard D. Jordan (Reg. No. 33,519) 



Kate H. Murashige (Reg. No. 29,959) 
Debra Shetka (Reg. No. 33,309) 
Thomas E. Wheelock (Reg. No. 28,825) 
Stephen C. Durant (Reg. No. 31,506) 
Patricia M. Drost (Reg. No. 29,790) 
Cecily Anne Snyder (Reg. No. 37,448) 
Edward G. Durney (Reg. No. 37,61 1) 
Madeline I. Johnston (Reg. No. 36,174) 
Harry J. Macey (Reg. No. 32,818) 
Robert Saltzberg (Reg. No. 36,910) 
Mani Adeli (Reg. No. 39,585) 
Sean Brennan (Reg. No. 39,917) 
J. Michael Schiff (Reg. No. 40,253) 



Please direct all communications to: 

Barry E. Bretschneider 
Morrison & Foerster LLP 
2000 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-1888 

Please direct all telephone calls to Barry E. Bretschneider at (202) 887-1500. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 



2 



Docket No. 



statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under § 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. 



Date Name: Kenichi SAWADA 

Residence: Toyohashi -Shi , Aichi-Ken, Japan 

Citizenship: Japan 

Post OfficeAddress: c/o Minolta Co., Ltd., Osaka Kokusai Bldg. 3-13, 2-Chome, Azuchi-Machi, Chuo-Ku, 
Osaka-Shi, Osaka, 541-8556, JAPAN 



3 



Docket No. 



